INTRODUCTION

DATA SETS AND APPROACH
The global tectonic style of Venus has yet to be defined. 
Our investigation involved a comparative analysis of radar
ø
reflectivity, whereas the Venera system is most sensitive to sets complementary in the sense that differing aspects of variations in longer-wavelength surface slopes. Therefore, in surface properties and morphology are determined for the same Arecibo images, rough and/or high-reflectivity materials area, as is evident in Figures la and lb. appear bright, whereas smooth and/or low-reflectivity In this paper we use these complementary data sets to materials appear dark. In Venera images, east facing slopes produce geologic and structural maps of Maxwell Montes and appear bright and west facing slopes appear dark. The use the results to compare its characteristics to the o.ther linear differences resulting from these geometries make these data mountain belts. We then assess the tectonic deformation (Figure 2) . In this unit, very short ridge segments abruptly terminate or are intersected by other ridge segments. This unit has a high overall backscatter cross section, suggesting that rough materials occur perv as iv ely . The NNW-SSE dominant trend of ridges in this unit, and their parallelism to the bands in the adjacent banded units is consistent with a compressional origin, with compression oriented along a ENE-WSW axis similar to that seen in the banded units. Although we interpret the ridges to be of a regional compressional origin, the dissected and intersecting nature of many of the ridges and the overall roughness suggests greater tectonic deformation than in the banded units, perhaps resulting from an additional episode not related to the ENE-WSW compression or due to a different mechanical response in eastern Maxwell. A similar type of terrain has been recognized in the Freyja Montes region of northern Ishtar Terra [Head, 1990] . Identified as the "ridged and domed unit," this terrain extends down the gentle backslope of Freyja Montes, out across a broad plateau, and is characterized by linear hills, swales, and equidimensional domelike features [Head, 1990] . As in Maxwell Montes, the predominant trend of the linear ridges in the ridged and domed unit parallels that of the ridges in the adjacent banded unit of Freyja Montes, all of which are interpreted to have a compressional origin [Head, 1990] .
The "transitional units" occur on the steep northern and southern slopes of Maxwell, and contain intermediate-length ridge segments which are typically aligned with the NNW trending ridges of the banded units and the dissected terrain. These ridges are also interpreted to be of regional compressional origin, but they are not as continuous as those in the banded units and are commonly arcuate and occur in anastomosing or braided patterns. Occasionally, linear troughs and/or ridges disrupt the continuity of, and strike perpendicular to, the NNW trending ridges. As in the dissected unit, these units are distinguished by their relatively high radar backscatter cross section, suggesting the pervasiveness of rough materials. The relatively great roughness of these units may be attributed to the steep regional slopes which would favor downslope movement of talus throughout these units. More likely, the relatively great roughness is due to regional deformation associated with north and south bounding shear zones identified in previous studies Pronin et al., 1986; and discussed below. Relative motion along these shear zones might result in some parallel faulting and additional deformation on Maxwell Montes, leading to increased roughness. Linear troughs oriented perpendicular to the NNW trending ridges on the northern and southern slopes of Maxwell (Figure 2b ) may represent such faults. Alternatively, these linear troughs could be related to gravitational effects such as gravity sliding or large-scale relaxation.
The "smooth units" are all characterized by homogeneous texture and a lack of kilometer-scale structures. They have a lower backscatter cross section than the rest of Maxwell Montes, indicative of less small-scale roughness and lower reflectivity. Large smooth areas associated with the circular feature Cleopatra occur on a gentle slope, and appear to embay or bury ridges in the surrounding areas (Figure 2 ). These deposits do not appear to have been deformed by the same events that produced the surrounding ridges, suggesting that they were emplaced following the ridge-forming deformation. They have been interpreted as volcanic flows originating from Cleopatra Patera [Schaber et al., 1987a ], but they could also represent impact ejecta or impact melt from Cleopatra [lvanov et al., 1986]. The high backscatter cross section of these deposits relative to the rest of the planet is consistent with the interpretation that they represent impact ejecta since impact craters on Venus often have radar-bright ejecta blankets . In addition, some of this "bright terrain" is presently observed upslope from Cleopatra to the west (Figure 2 ), an observation that also might tend to favor an impact origin. However, caution is also required in this interpretation since some uplift to the west of Cleopatra may have occurred after the emplacement of the bright terrain. The other smooth units (Figure 2d ) occur in isolated patches across Maxwell Montes in local lows. These local lows occur close to the 6-km altitude contour, and since areas below 6 lcm near Maxwell Montes are generally radar-dark, then these isolated patches may be radar-dark because they also occur below the 6-km contour and are being affected by the same process that makes other sub-6-km areas radar dark. Alternatively, the low backscatter cross section of these patches indicates that they are relatively smooth materials, inconsistent with large accumulations of talus. This observation, when coupled with the apparent lack of large-scale erosion on Venus mentioned above [Garvin et al., 1984; Pettengill et al., 1982] , suggests that these patches could represent accumulations of volcanic materials, rather than talus or soil deposits. (Figure 2) . The structure and strike of these ridges observed in the Venera image (Figure 2b ) are almost identical to those of ridges in the adjacent banded units on Maxwell Montes, so they are also interpreted to be compressional in origin. However, two observations distinguish these ridges from others on Maxwell Montes: (1) The dark ridges unit is located on a relatively flat plain at 4-5 km elevation, in contrast to the steep relief associated with ridge units on Maxwell; and (2) the roughness and reflectivity of this unit (Figure 2a ) more closely resemble those of the adjacent plains units than they do the banded units on Maxwell. The similarity in backscatter between the dark ridges and the Lakshmi plains units can be attributed to the formation of these ridges through the folding and thrusting of the volcanic plains materials, and the lack of large-scale relief associated with these ridges (unlike on Maxwell) indicates that they probably have accommodated m'mimal strain with little crustal thickening.
Additional tectonic deformation of the smooth plains in (Figure 3a) .
STRUCTURAL MAPPING
Ridges are mapped as continuous features (Figure 3a) unless Detailed structural mapping of Maxwell Montes using both interrupted by one of the following: (1) Ridge termination such the Arecibo and Venera imaging shows two major classes of that the bright-dark pair identified as a single ridge is no longer structures: (1) the ridges and valleys which dominate the texture discernable (this most commonly occurs as a bright ridge of the range, and (2) linear discontinuities which cut across the segment adjacent to a dark feature or area along strike); (2) an ridges and valleys.
abrupt change in the width of the ridge of 50% or more (over Ridge and valley structure. We consider ridge/valley pairs less than 5 km); (3) an abrupt change in ridge-strike of 15 ø or as single structures because they are characterized in the radar more (over less than 5 km); or (4) any combination of these images by paired bright and dark linear segments. In the changes. Using these criteria, the mapping in Figure 3a shows Venera image, such a ridge is recognized as a radar-bright, east the ridges to be extremely discontinuous along strike, with facing slope paired with a radar-dark, west facing slope to the over 1000 ridge segments mapped in both the Arecibo and immediate west. The point at which the radar-bright, east Venera data sets (Table 1 ). Individual ridge segments had a facing slope changes to a radar-dark, west facing slope is minimum length of 8 km and a maximum length of 80 km, with considered to be the crest of the ridge.
an average length of approximately 16 km in both data sets In the Arecibo image, we have akeady interpreted the radar- (Table 1) . bright areas to be roughness associated with ridge crests.
Ford [1980] found that linear features aligned perpendicular However, these radar-bright areas can be up to 10 km across, so to the radar look direction tend to be enhanced while features that the specific location of a ridge crest within a radar-bright aligned parallel to the look direction tend to be subdued. .ner. The majority of the lineaments in both data sets are dark, an observation that may be due to the fact that dark features are more easily seen when they interrupt the continuity of the bright ridge structures. This also helps explain why these lineaments terminate most often in radar-dark areas, such as the smooth valleys in the Arecibo data and the west facing slopes in the Venera data, where they become indistinguishable from their surroundings. Resolved lineaments have a minimum length of 8 km and a maximum length of 140 km. More than more. They can be bright or dark in either data set and could 400 lineaments have been mapped with an average length of 24 therefore represent faults, fractures, scarps, or ridges and km in both data sets ( Table 2 Cross-strike discontinuities. In order to assess more thoroughly the validity of this reconstruction, the process was repeated using the Venera data (Figure 11c) , the topographic map (Figure 11d) , and the geologic map (Figure 11e ), but assuming the same offsets recognized in the Arecibo data (Figure 11a and Table 3 ). Comparison of the reconstructions based on each data set reveals a close correspondence. Just as the Arecibo reconstruction shows the 400-km-long, continuous boundary between the rough, complex dissected terrain in the east and the banded units to the west, so does the Venera reconstruction. In addition, the Venera reconstruction reveals a single, contiguous unit of smooth deposits associated with Cleopatra (Figure 1 lc) . In contrast, in the geologic map of present-day Maxwell Montes (Figure 2d ) the smooth deposits are distributed in two separate locations, with the majority around Cleopatra and an outlier to the southwest in central Maxwell. Cleopatra and the smooth deposits are found between two regions of dissected terrain which the smooth deposits appear to erabay. The relationship between the dissected terrain unit and the bright terrain deposits in the reconstructed unit map suggests that a relative age relationship can be established for these units and the strike-slip faulting along the CSDs. The continuity of these units and their boundaries in the reconstruction but not in the present configuration suggests that they formed uninterruptedly before strike-slip faulting disrupted them and produced the observed offsets. In addition, the apparent embayment of the dissected terrain by the bright terrain indicates that the dissected terrain formed before the bright terrain. These relationships suggest that the ridges and Figure 2c . We have retrodeformed the present topography to a pre-strike-slip form (Figure 1 l d) as we did with the Venera image, using the offsets determined from the Arecibo image reconstruction. Since strike-slip faulting occurs for the most part in the horizontal plane, we consider it reasonable to reconstruct topography along strike-slip faults. However, we note that smaller-scale topographic features might be produced or destroyed during strike-slip motion, just as we described the possible production of en echelon folds or pull-apart graben above. With this caveat in mind, we note that this reconstruction brings the initially hummocky crest and the steep western slope of the mountain into a linear configuration and maintains the parallelism of contours on the western slope and the asymmetric profile with a steep western slope and more gentle eastern slope.
In area is not immediately recognized. Examination of numerous order to test this effect and to quantify the orientation of ridges digital number (DN or radar brightness) profiles perpendicular on Maxwell Montes we have plotted rose diagrams of ridge to prominant ridges in Maxwell Montes
Initial configuration of proto-Maxwell Montes. The initial topographic configuration of the retrodeformed proto-Maxwell Montes (Figure 1 l d) is similar to that of the Akna Montes linear mountain belt in western Ishtar Terra (Figure 12). In particular, although the relief of Maxwell Montes is nearly twice that of Akna, both proto-Maxwell Montes and Akna
Montes exhibit a general topographic pattern with an asymmetric profile and a long linear crest running parallel to the strike of the mountain (Figures 11d and 12c) .
The reconstructed image mosaics (Figures 11a and 11c ) depict a mountain range with a smooth pattern of long, linear ridges, similar to that of the 1000-km-long Akna Montes (Figures 12a and 12b) . These long, linear ridges occur along the steep western slope and summit portions of proto-Maxwell Montes ( Figures 1 la and 1 lc) , while shorter, discontinuous ridges and dissected terrain occur along the more gentle eastern slope. In Akna Montes, long, linear ridges occur along the steep eastern slope and summit portions, while shorter, discontinuous ridges and dissected terrain are found on the gentle western slope (Figures 12a and 12b) blocks, between which crustal materials were transported laterally. During this phase, the greatest principal stress axis would be oriented perpendicular to the strike of the ridges and the minimum principal stress axis would be vertical. In order for strike-slip faulting to occur as observed, the greatest principal stress must have been parallel to the strike of the ridges, and the minimum principal stress must have been perpendicular to the ridges in the horizontal plane, while the intermediate principal stress axis was vertical. As the orogeny continued and proto-Maxwell Montes grew within the converging shear zones, the topography would have increased to produce a greater vertical load. We suggest that strike-slip faulting occurred once prÜ•-Maxwe•• Montes had thickened enough to produce a nonhydrostatic vertical load in excess of whatever residual E-W compression existed. The strike-slip movement of the crustal domains in Maxwell Montes is identical to that discussed for rotating crustal blocks by Garfunkel and Ron [1985] , except that the primary rotation has been inhibited by the shear zones to the north and south. The deformation is accommodated by a combination of large-scale offset and small-scale internal deformation along the strike-slip faults and shear deformation along the northern and southern boundaries of Maxwell Montes. The lack of large-scale deformation within the crustal domains suggests that the upper portions of these blocks were relatively strong during the strike-slip offset and that this offset accommodated the majority of the strain. It is expected that such offset would be acompanied by more evenly distributed deformation at depth, where the rocks there are more ductile, as Gaffunkel and Ron [1985] Using the geometry of the converging shear zones, the configurations of Maxwell Montes and proto-Maxwell Montes, and assuming no rotation of the domains relative to the shear zones, it is possible to estimate the maximum westward distance travelled by the domains within the shear zones (Figure 13c) . On the basis of this reconstruction (Figure 13c) we suggest that Maxwell Montes could have originally occupied a position as much as 1000 km to the east. We interpret the observed features and structures to suggest that during the transport of Maxwell Montes to the west it was wedged between the two converging shear zones, causing the reorientation of the maximum principal stress to a more northsouth configuration. The mapped shear zones strike N60øE and N80øE, suggesting lateral movement within the shear zones along a trend of approximately N70øE, approximately the same trend necessary to produce compressional ridges on Maxwell Montes that strike N20øW-N40øW. This suggestion is consistent with no rotation of the domains during westward transport since the presently observed ridges on Maxwell Montes strike approximately N20øW-N40øW, as would the ridges on prom-Maxwell Montes. In addition, if compression then occurred perpendicular to these shear zones, then the axis of compressional stress would shift to N20øW, indistinguishable from the N25øW trend inferred from the strike of the cross-strike discontinuities.
As in the other models, this lateral transport and strike-slip faulting would have produced the offset of large-scale linear and curvilinear features such as ridges, valleys, unit boundaries, and topographic contours (Figure 11 ). In addition, other features off the mountain range could have been produced during this large-scale lateral transport. One such example is the addition of relief along the shear zones, due to the convergence of the crustal blocks undergoing strike-slip movement. Stoddard [1987] showed that the convergence of crustal materials within two oblique shear zones results in the "piling up" of material along the fracture zones. For example, a linear topographic high resulting from such a process is observed along the Mendecino Fracture Zone on Earth [Stoddard, 1987] Alternatively, we note that the topographic reconstruction (Figure 1 l d) , with its steep, continuous western slope and linear crest configuration, indicates that there was no change in the relative relief of the mountain range. In generating this reconstruction, the assumption was made that only strike-slip faulting was affecting the mountain range as a whole. Although we cannot rule out the possibility that some topographic variations occurred during strike-slip deformation, there is no clear evidence to suggest the location or magnitude of these variations. Therefore we can consider only the simplest case. In such a case, it is expected that the actual relief of the mountain range would remain mostly machanged, and from this we would infer that the initial elevation of protoMaxwell Montes was up to 11 km. However, the model shown in Figure 13c suggests that in addition to large-scale strike-slip faulting, the mountain range was also undergoing some lateral movement within the converging shear zones. If up to 1000 km of lateral transport occurred during movement within the shear zones, then some change in topography would seem likely, as such extensive crustal movement is likely to have been accompanied by thickening in order to conserve crustal mass. In order to preserve the integrity of the topographic reconstruction during this lateral migration and crustal thickening, then the thickening process must have been very homogeneous. If the crustal thickening took place at depth, then we would expect it to be relatively homogenous due to the increased ductility of the rocks. Such homogeneous deformation might be capable of producing constant uplift across the entire mountain range, thus preserving the integrity of the topographic reconstruction. This uniform uplift would be analogous to a model suggested by Zhao and Morgan [1985] for the uniform uplift of the Tibetan Plateau.
As described by Zhao and Morgan [ 1985] , a very weak layer (a fluid with a viscosity of 10 Pa s or less) is contained at depth by surrounding crustal blocks. As material is added ("injected") to this layer during lateral migration, the hydraulic pressure increases, producing a constant uplift above this layer. If the materials above this fluid layer are strong, then the relative relief should be preserved within the mountain belt, as the strong layers will not deform extensively due to uplift. Instead, the mountain belt will rise as a block. The linearity of ridges in present-day Maxwell Montes (Figure 2 ) and in the reconstruction (Figure 11) indicates that the ridge-parallel compressional stress, which produced the CSDs and strike-slip faulting, did not extensively deform the ridges. Some lineaments are present within individual domains (Figure 6 ) and may represent minor offsets of individual ridges, but unlike the CSDs, they are not linearly continuous throughout entire domains and do not appear to represent widespread penetrative horizontal shortening. Instead, the CSDs and strike-slip faulting appear to have accommodated the majority of the strain, while the individual domains between CSDs remained strong and, for the most part, internally madeformed. Therefore the upper crust in the Maxwell Montes region could be considered relatively strong and the topography could be preserved in the reconstruction.
The relatively gentle slope in eastern Maxwell Montes, in the dissected terrain, might be explained using a similar model suggested for Tibet by Molnar and Tapponier [1978] . While maintaining the idea of a ductile layer at depth with a constant fluid pressure, they emphasize the presence of a weak crust above it. As material is added at depth and the elevation increases with hydraulic pressure, the weak crust deforms to maintain a uniform elevation, hence the constant, gentle slope of eastern Maxwell Montes in the dissected terrain. The change in crustal strength that we suggest across Maxwell is consistent with the morphology observed across the mountain range. While the continuous ridges of the banded units may represent a strong deformational front, the disrupted ridges of the dissected terrain suggest a weak crustal layer in the (Figure 14b) . Peterfreund et al. [1984] have suggested that Cleopatra formed before the ridges. They based this argument on the observed disruption of the rim of this structure and what they described as the deflection of large ridges around Cleopatra. This interpretation was made without the benefit of the Venera data sets, however, which were unavailable at that time. Although it is true that the rim of Cleopatra is somewhat disrupted (Figure 2) , if Cleopatra were present before the initial stage of N70øE compression, then it would be elongated in a NW-SE direction consistent with the shortening associated with the formation of the ridges. Such an elongation is not observed. Disruption of the rim of Cleopatra could instead be due to structural control by the preexisting ridge pattern. In addition, we attribute the superficial deflection of large ridges about Cleopatra to the arcuate nature of the mountain range (Figure 11) . Finally, the Venera image (Figure 2b ) reveals that small ridges to the immediate south of Cleopatra in the dissected terrain are not deflected at all. It is unreasonable to suggest that ridges over 100 km away could be deflected while others within 50 km were not. Therefore we believe that the weight of the evidence supports the interpretation that the Cleopatra structure was created after ridge formation, but prior to strike-slip faulting. Since creation of the dissected terrain occurs synchronously with ridge formation, then Cleopatra must have been superposed on the dissected terrain unit. This superposition relationship suggests that formation of Cleopatra Patera Cross-strike discontinuitites. Nine long, linear crossstrike discontinuities are observed to cut across the structure of Maxwell Montes, disrupting ridges and unit boundaries, and dividing the mountain range into 10 crustal domains. These cross-strike discontinuities represent strike-slip faults along which the crustal domains have been offset in a right-lateral sense from 10 to 125 km.
Large-scale evolution. Retrodeformation of crustal domains to their pre-strike-slip form creates a linear mountain belt remarkably similar to the Alma Montes mountain belt, suggesting that Akna Montes may represent the initial, relatively simple form of compressional orogenic belts on Venus. We have presented three models to account for the evolution of Maxwell Montes from this simple orogenic stage to the present configuration (Figure 13 ). The first two models suggest that strike-slip faulting occurred while the mountain belt remained in place, either with or without large-scale rotation, while the third model suggests that strike-slip faulting was accompanied by large-scale transport of the mountain range from east to west within converging shear zones without large-scale rotation. We favor a combination of the last two models (Figures 13b and 13c 
